RING Finger Specificity in SCF-Driven Protein Destruction  by Jin, Jianping & Harper, J.Wade
Developmental Cell, Vol. 2, 685–694, June, 2002, Copyright 2002 by Cell Press
Previews
proliferation but Roc1a/ cells do not accumulate at aRING Finger Specificity
specific cell cycle position. Thus, Roc1a is required forin SCF-Driven Protein Destruction Drosophila development. Roc genes have largely over-
lapping expression patterns, and expression of Roc1b
under control of a Roc1a promoter does not rescue
Roc1a/ phenotypes (Noureddine et al., 2002), indicat-
SCF ubiquitin ligases contain an E3 core composed ing the absence of functional complementation.
of Skp1, Cul1, a member of the Rbx1/Roc1 family of To explore the role of Roc1a in development, Noured-
RING finger proteins, and a modular F box protein that dine et al. examined the status of two SCF targets: Arma-
dillo (Arm), the Drosophila homolog of human -catenin,functions in substrate targeting. Work published in
and Ci155, a transcriptional activator and Hedgehog sig-this issue of Developmental Cell indicates that distinct
nal transducer. Turnover of Arm and processing of Ci155Rbx1/Roc1 family members are used to control ubiqui-
to its repressor form, Ci75, both require the F box proteintination of distinct targets, suggesting that the RING
Slimb (Jiang and Struhl, 1998). Consistent with thefinger subunit may contribute to ubiquitination speci-
involvement of a Roc1a/SCFslimb complex in controllingficity.
Ci155 processing, clones of Roc1a/ cells in the anterior
wing display increased levels of Ci155 and ectopic ex-RING-H2 finger proteins have emerged as central com-
pression of the Ci155 target gene decapentaplegic. Theseponents of E3 ubiquitin ligases. One subfamily of RING-
phenotypes parallel those of slimb mutants. In contrast,H2 proteins, typified by Rbx1/Roc1 and APC11, function
Arm was not stabilized in Roc1a/ mutants. Moreover,as essential components of cullin-based E3s, include
Roc1a deficiency did not cause limb duplication, as ob-the SCF, the CBC, and the APC/C (Kamura et al., 1999;
served in slimb mutants (see Figure, panel B).Ohta et al., 1999; Skowyra et al., 1999; Seol et al., 1999;
These data lead to the unanticipated conclusion that,Zachariae et al., 1998). Cullin proteins contain a C-ter-
in Drosophila, distinct Roc1 proteins collaborate withminal cullin homology domain (CHD) that interacts with
the same SCFslimb complex to catalyze the ubiquitinationthe appropriate RING-H2 protein to form the E3 core
of different targets (see Figure, panel B). How does this
and an N-terminal domain that links this E3 core to
come about? Noureddine et al. suggest the possibility
substrate recognition modules such as F box proteins
that Rbx1/Roc1 proteins contribute to substrate speci-
in SCF complexes (Bai et al., 1996; Zheng et al., 2002).
ficity. Structural analysis of an SCF complex reveals
RING-H2 proteins recruit cognate E2s to the E3 com-
that Rbx1/Roc1 is embedded in the CHD and is 50
plex, and may also activate their ubiquitin conjugating
angstroms from the predicted substrate binding site on
activity (Ohta et al., 1999; Skowyra et al., 1999; Seol et the F box protein Skp2 (Zheng et al., 2002). This, together
al., 1999). with the fact that E2 binding would block the major
Budding yeast contains a single Rbx1/Roc1 gene (also exposed surface of Rbx1 (see Figure, panel B; Zheng
called Hrt1) that activates multiple SCF complexes (Ka- et al., 2002), makes a direct role in substrate recognition
mura et al., 1999; Ohta et al., 1999; Skowyra et al., 1999; unlikely.
Seol et al., 1999). In contrast, multicellular eukaryotes An alternative explanation is based on differential utili-
contain at least two closely related Rbx1/Roc1 proteins zation of E2s by distinct Rbx1/Roc1 homologs. In this
(Kamura et al., 1999; Ohta et al., 1999). Both human context, SCF complexes in multicellular eukaryotes are
Rbx1/Roc1 and Rbx2/Roc2 (but not APC11) can replace distributed among Rbx1/Roc1 family members that
the budding yeast protein, indicating functional conser- function with distinct E2s to promote ubiquitination. The
vation. Moreover, both homologs can form complexes majority of SCF substrates that have been examined
with multiple cullin family members (Ohta et al., 1999), employ Ubc3/Cdc34 as the E2. However, IB ubiquiti-
also suggesting an additional level of functional redun- nation by recombinant Rbx1/SCF-TRCP occurs much
dancy. Now, work published in this issue of Develop- more efficiently with Ubc4 than with Ubc3 (Strack et al.,
mental Cell (Noureddine et al., 2002), demonstrates that 2000). Thus, it is conceivable that both the E2 and the
Rbx1/Roc1 homologs in Drosophila are not functionally RING-H2 protein might contribute to ubiquitination effi-
interchangeable, leading to the conclusion that RING- ciency independent of a direct effect on substrate recog-
H2 proteins may impart specificity to SCF-driven ubiqui- nition by the F box protein. These differences in activity
tination reactions. could result from (1) altered affinity of E2s for particular
The Drosophila genome contains three Rbx/Roc cullin/RING-H2 finger pairs, (2) differences in the ability
genes; two of these (Roc1a and Roc1b) cluster with of particular RING-H2 proteins to activate E2s once
Rbx1/Roc1 proteins, while the third family member clus- bound, and/or (3) differences in the inherent specificity
ters with Rbx2/Roc2 (see Figure, panel A). All three Dro- of the E2 for lysine-containing target sequences. There
sophila proteins are capable of activating ubiquitin con- are two complications with this model. First, although C.
jugation in vitro (Noureddine et al., 2002). To examine elegans has two Rbx1/Roc1 homologs, RNAi-mediated
Roc1a function, Noureddine et al. deleted the Roc1a depletion of one of these has no effect on viability, sug-
gene and found that animals die between the first and gesting that a single Rbx1/Roc1 protein can support life
second instar larval stages. Mosaic analysis in the wing in a complex developmental setting. Second, structural
comparison of Roc1a and Roc1b, using human Rbx1imaginal disk indicates that Roc1a is required for cell
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Differential Utilization of RING-H2 Proteins in
SCF-Driven Ubiquitination Pathways
(A) ClustalW-derived phylogenetic tree of cul-
lin-interacting RING-H2 proteins.
(B) Schematic model depicting how distinct
Rbx1/Roc1 proteins cooperate with the same
SCFslimb complex and possibly different E2s
to differentially regulate Ci155 processing and
Arm degradation.
(C) Nonconserved mutations in Roc1b pri-
marily localize to the cullin interaction surface
of Rbx1/Roc1a and to an exposed loop con-
taining a nonessential zinc binding site. This
loop is highly variable in Roc1a, Roc1b, and
Roc2. Human Rbx1 and D.m. Roc1a are
100% identical in the region shown. CHD, yel-
low ribbon; Rbx1, blue ribbon; UbcH7, red
ribbon. Nonconservative changes, red space
fill; conservative changes, green space fill;
Trp87 linked with E2 binding (Zheng et al.,
2002), purple space fill; neddylation site in
CHD, orange space fill; active site cysteine
in UbcH7, cyan space fill; zinc atom, white
sphere.
(Zheng et al., 2002) as a guide, indicates that most of of the code that specifies E2 function. The studies of
Noureddine et al. have laid out the basic framework forthe nonconservative substitutions in Roc1a and Roc1b
occur at the CHD/Roc1 interface or in an exposed loop such an analysis.
that is apparently nonessential, and are therefore unlikely
to alter E2 specificity directly (see Figure, panel C).
Jianping Jin and J. Wade HarperEven if the same E2 were used by the distinct Rbx1/
Department of Biochemistry and Molecular BiologyRoc1 homologs, it remains possible that the ability of
Baylor College of MedicineCul1 to be neddylated on Lys720 (see Figure, panel
Houston, Texas 77030C), a reaction that is enhanced by Rbx1, is affected.
Differential sensitivity of E2s to neddylation could also
affect substrate turnover in vivo. Resolution of these
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the interdependence of lateral line axons and glia forPioneering Work in Vertebrate
correct migration.Neural Development The lateral line is an important sensory system for
zebrafish (Gompel et al., 2001). Lateral line organs are
mechanosensory structures that employ hair cells re-
lated to those of the inner ear. Lateral line organs devel-
op around the head and at periodic intervals along theControl of directional axon growth is fundamental to
length of the embryo. Normally, a lateral line primordiumcorrect wiring in the nervous system, and glia are
migrates along the length of the body depositing organthought to play an important role. New work in the
precursors and forming the nerve as it moves from headzebrafish lateral line shows that glia are not required
to tail. The track followed by growing axons is definedfor axonal pathfinding but are required for normal ma-
by the dorsal-ventral boundary of somites, called theture nerve organization.
horizontal myoseptum. Neural crest-derived glial cells
become closely associated with lateral line axons and
To understand how connections are made within the migrate along the horizontal myoseptum as the nerve
nervous system, it is essential to know how axonal develops. In addition, since the lateral line nerve forms
growth cones are directed to appropriate target sites. near the surface of the embryo, it is an ideal subject for
Glia are thought to play a pivotal role in directing axonal live microscopic observation, a feature that Gilmour et
growth, for example as “guideposts” along a pathway. al. fully exploit.
Studies in Drosophila have contributed considerably to In their experimental work, the authors use an impres-
our understanding of the role of neuron-glial interactions sive array of techniques: GFP transgenics, mutants, tis-
(reviewed in Auld, 1999). For instance, ablation and mu- sue transplantation, laser ablation, and time-lapse mov-
tational analysis of glia in the developing embryonic ies of axon growth and glial migration, which graphically
nervous system show that normally directed axon demonstrate the axon-glial interactions (http://www.
growth is dependent on the glia (Hidalgo and Booth, neuron.org/cgi/content/full/34/4/577/DC1). The first
2000; Hidalgo et al., 1995). Moreover, glia also play an question they ask is whether glia will follow the track of
important role in the formation and/or maintenance of misdirected axons. In wild-type embryos, the dorsal and
axon fascicles, essential to the function of the mature ventral muscle blocks express the growth-cone collaps-
nerve (Hidalgo et al., 1995; Leiserson et al., 2000). Glial ing molecule semaphorin 3A (sema3A), leaving a gap at
migration in the Drosophila wing, in contrast to the em- the horizontal myoseptum free of sema3A. Mutations
bryonic nervous system, is directed by the axons (Gian- such as sonic you (syu), which disrupts sonic hedgehog
grande, 1994). expression, lead both to a failure to specify the horizontal
Our understanding of the role of glia in vertebrate myoseptum and to ectopic expression of sema3A, pre-
axonal guidance has not quite reached the level seen venting axonal growth along the normal track (Shoji et al.,
for insects, but it soon will. New results from Darren 1998). In syu or fused-somites (fss) mutants, Gilmour et
Gilmour, Hans-Martin Maischein, and Christiane Nu¨ss- al. find that axons take a circuitous route around so-
lein-Volhard, published in the May 16 issue of Neuron, mites, and the glia follow wherever the axons lead (see
mark a new degree of sophistication in the study of Figure). Conversely, using a laser to kill extending lateral
vertebrate nervous system development (Gilmour et al., line axons, the authors are able to stop the migrating
2002). These investigators present a spectacular live glial precursors in their tracks. Hence, the glia migrate
embryo analysis of the peripheral glia and investigate along lateral line axons and are unable to migrate inde-
their role in zebrafish lateral line nerve development. To pendently of axons. The authors then asked whether
label living glia in whole embryos, they use transgenic axon growth was dependent on the presence of glia.
embryos expressing green fluorescent protein (GFP) un- In colorless/sox10 (cls) mutants, glia are not properly
der the control of a neural crest cell specific zFoxD3 specified and never appear at the horizontal myosepta.
promoter. Using mutants that either remove the glia or Mutant axons, however, extend along the correct path-
way and form lateral line nerves.misroute the forming lateral line nerve, the authors test
